Estimates of global mean radiative forcing of line-shaped contrails are associated with a high level of uncertainty. Recent estimates for present day air traffic range from 5.4 mWm À2 to 25.6 mWm
Introduction
Contrails are line-shaped ice clouds which form as a consequence of water vapour emissions and heat released from aircraft if ambient conditions at flight levels are suitable. Linear contrails can persist for many hours and may evolve into contrail cirrus clouds. Within this study, only linear contrails will be considered. These additional clouds influence the Earth's radiation budget and thereby contribute to climate change. Air traffic in total contributes only 3.5e4.9% to the total anthropogenic radiative forcing (Lee et al., 2009) , whereof up to one-fifth originates from linear contrails. Nevertheless, the climate impact of air traffic is of major concern, as this sector is one of the fastest growing anthropogenic emission sectors with growth rates of about 5% per year (Airbus, 2009 ).
Although contrails have received special attention in aviation climate research, large uncertainties associated with the radiative impact of linear contrails and aged contrail cirrus remain. The IPCC (Penner et al., 1999) gave an uncertainty range for the radiative forcing of linear contrails of 5 mWm À2 to 60 mWm À2 for the air traffic of 1992. More recent studies determined the radiative forcing of linear contrails ranging from 2.8 mWm À2 (Stuber and Forster, 2007) to 12 mWm À2 (Rap et al., 2010) for air traffic in 2002 and from 5.4 mWm À2 to 25.6 mWm À2 for air traffic in 2005 (Lee et al., 2009 ). This wide range of global mean contrail radiative forcing values is associated with deviating assumptions of important key factors and different methodologies. The aim of this study is to systematically examine the influence of various key factors on contrail coverage and radiative forcing within a global climate model. Aspects like the model climate, the parameterisation of potential contrail coverage, the contrail optical depth, the detection threshold of contrail observations, the calibration region, the air traffic inventory, the air traffic density parameter, the particle shape, and the diurnal variation of air traffic are investigated. The relative importance of these parameters is studied and discussed in the context of the large uncertainty range of previous contrail studies.
Methodology

Model description and evaluation
The parameterisation for line-shaped contrails developed by Ponater et al. (2002) has been applied in the ECHAM4.L39(DLR) climate model (E39SLT) and in an upgraded version ECHAM4.L39 (DLR)/ATTILA (E39A) (Reithmeier and Sausen, 2002; Stenke et al., 2008) . The Lagrangian transport scheme in E39A can maintain steeper and more realistic gradients of highly variable tracers than the semi-Lagrangian transport scheme in E39SLT. E39A shows a significant reduction of systematic errors of temperature and humidity in the upper troposphere and lower stratosphere (UTLS) (Stenke et al., 2008) . In a detailed comparison Obermaier (2007) concluded that water vapour observations are reproduced better with E39A than with E39SLT. Fig. 1 shows vertical profiles of the simulated annual mean relative humidity with respect to ice for northern mid and polar latitudes in comparison with ERA40 data. The reduction of the humidity bias entails a reduction of the temperature bias in the UTLS through radiative effects. The representation of both, temperature and humidity, is crucial for the atmospheric susceptibility to contrails according to the thermodynamic theory of contrail formation (e.g., Schumann, 1996) , hence, more realistic results of contrail coverage and their properties are expected.
The potential contrail coverage, defined as the atmospheric ability to form contrails (Sausen et al., 1998) , is calculated instantaneously within the climate model at each time step. The threedimensional actual contrail coverage is calculated from the product of potential contrail coverage and air traffic density. The visible contrail coverage (optical depth s > 0.02) is randomly overlapped over all model levels and is then adjusted to regionally observed contrail coverage (Bakan et al., 1994 ) by means of a calibration factor. Taking into account the increase of air traffic in this region since the original observation dates, the visible contrail coverage over Europe and the North-East Atlantic region is calibrated to a value of 0.75%, similarly to Rädel and Shine (2008) . Within the present study, 3-year simulations of year 2000 conditions are analysed.
The radiative effect of contrails is determined by the fractional coverage, the optical properties of contrails, the contrail temperature, and the change of the system albedo. As in previous studies, the stratosphere-adjusted radiative forcing has been calculated online using the method developed by Stuber et al. (2001) . Because longwave scattering is not included in the ECHAM4 standard radiation scheme, the longwave radiative forcing of optically very thin contrails is systematically underestimated by 25%, therefore it has been corrected as suggested in Marquart and Mayer (2002) , unless stated otherwise.
Recently, a benchmark test involving five different radiative transfer models was performed by Myhre et al. (2009) . A homogeneously distributed "contrail coverage" of 1% with s ¼ 0.3 was assumed globally at an altitude of 11 km in all participating models. A substantial model dependency was found in the distribution and magnitude of contrail net radiative forcing, not only because of different radiation codes, but also due to the differing background climate. The most distinct differences were found in regions where natural cloud cover is large. Global mean net radiative forcing varied by AE25% around the multi-model mean of 144 mWm À2 with even larger deviations in the long-and shortwave forcing components. In order to evaluate the performance of the ECHAM4 radiation scheme for contrail studies, this benchmark test has been reproduced with E39A. Fig. 2 shows the respective distribution of the annual mean contrail net radiative forcing. The largest radiative impact occurs over regions with few natural clouds, e.g. deserts and subtropical oceans, while low net contrail forcing is found along with high natural cloud cover and low surface temperatures. The results are qualitatively consistent with the distributions presented in Myhre et al. (2009 Myhre et al. (2009) . This may be an indication that the correction of the longwave contrail forcing is required for very small optical depths around 0.1 but not necessarily for optical depths of 0.3 as assumed in the benchmark test, however, subsequent studies are needed to confirm this.
Air traffic data
Two inventories of air traffic density are employed within this study, the TRADEOFF 2000 and the AERO2K (Eyers et al., 2004) inventory. Both have been used previously in aviation climate impact studies (e.g., Gauss et al., 2006; Rädel and Shine, 2008) and are used here to investigate the sensitivity of contrail coverage with respect to the chosen air traffic inventory.
The TRADEOFF inventory was generated on the basis of flight track data of 1991/1992. The global fleet is represented by 16 aircraft-engine combinations. Fuel flow profiles for these aircraft types were computed by means of the commercial aircraft performance model PIANO.
1 A payload of 70% was assumed and cruise altitudes were prescribed by mission distance and aircraft type, as specified from an analysis of real flight data. Assigning a global database of aircraft movements to corresponding precalculated fuel-flow profiles under the assumption of great circle routes between city pairs, resulted in three-dimensional inventories with a horizontal resolution of 1 Â1 and a vertical resolution of 2000 ft (610 m). The TRADEOFF inventory for the year 2000 has been obtained by scaling the basic inventory from 1992 to the year 2000, assuming the IS92f scenario (Leggett et al., 1992 ) and a 1.1% fuel efficiency improvement per year.
As an alternative, the AERO2K inventory is used, which is based on radar data from the year 2002 for North America, Europe, and the North Atlantic reporting actual longitude, latitude and altitude during the flight. These data comprise about 70% of the inventory. Air traffic data for the rest of the world include scheduled flights only, which were supplemented by routing and performance information if available. Fuel flow data were calculated by means of PIANO using 40 representative aircraft types. The take-off weight was estimated according to the particular mission range plus reserve fuel and a payload of 60.9% was assumed. Information about waypoints and flight altitudes were taken into account if available from radar data and step-climbs were implemented if appropriate. If no information about waypoints and flight altitudes was available, the flight track including its altitude profile was based on assumptions taking restricted airspace into consideration. This implies a different degree of data quality for different regions of the world, however it is a substantial improvement compared to the assumption of great circle routes in the TRADEOFF inventory.
Both inventories do not include the diurnal cycle of air traffic. The global mean flight distances show a difference of more than 20%, which is caused by the different base years and differences in the underlying data and methodology. The TRADEOFF 2000 inventory comprises 25.1 Â10 9 km/a and the AERO2K inventory 32.9 Â 10 9 km/a. The annual and global mean vertical distribution of flown distances is displayed in Fig. 3 , revealing some characteristic differences between the two inventories. These differences are caused by different assumptions about flight altitudes and additional aircraft types (particularly additional smaller planes flying at lower altitudes in the AERO2K inventory). The geographical distribution of air traffic density shows differences, too, which are mainly caused by the usage of great circle routes versus waypoint data. Table 1 gives an overview over the reference simulation (REF) and all sensitivity experiments which are explained in the following sections. In REF the total global contrail coverage amounts to 0.19%, and the total visible contrail coverage to 0.09%. The geographical distribution of total contrail coverage is shown in Fig. 4 . The annual global mean optical depth of visible contrails is 0.08 and of all contrails 0.05, respectively. The global annual mean contrail radiative forcing amounts to 5.9 mWm À2 , with longwave and shortwave components of 7.9 mWm À2 and À2.0 mWm À2 , respectively. The geographical distribution of the radiative forcing is shown in Fig. 5 with maximum net radiative forcing values of more than 100 mWm À2 found over Europe and the USA. Table 2 summarizes annual global mean results of contrail coverage, optical depth and radiative forcing for all simulations. Marquart et al. (2003) found an underestimation of global contrail coverage of up to 20% resulting from systematic temperature and humidity biases in E39SLT. As these biases are reduced in E39A an improvement of contrail coverage and contrail parameters is anticipated. The changes of the vertical profile of potential contrail coverage in combination with the calibration procedure yield a systematic relocation of contrails to lower levels in REF compared with SLT, with warmer and moister formation conditions, which should result in contrails with higher ice water content and higher optical depth. However, as less condensable water is available in REF in the UTLS contrails have lower mean optical depth compared with SLT. Fig. 7 shows probability density functions (PDFs) and cumulative distribution functions of contrail optical depths for SLT and REF. SLT shows more contrails with higher optical depths and a slightly wider PDF than REF. This results in global mean optical depths of 0.08 of all contrails, and of 0.12 of visible contrails in SLT ( Table 2 ). The visible contrail coverage over Europe and the Northern Atlantic is adjusted to the same value in both model versions, however, the global coverage of subvisible contrails (total coverage minus visible coverage) is about twice as high in REF compared with SLT (Table 2) . Although optically thin contrails have a comparatively small impact on radiation e.g., (Meerkötter et al., 1999) , the increase in subvisible contrail coverage by a factor of two results in an increase in contrail radiative forcing from 5.2 mWm À2 in SLT to 5.9 mWm À2 in REF (þ14%), mainly through an increase in longwave radiative forcing (Table 2) . Another potential reason for the increase in longwave radiative forcing between the two model versions is the general decrease in relative humidity in the upper troposphere in REF (Fig. 1) . Reduced water vapour results in an increased upward thermal flux which may increase the longwave radiative forcing by contrails as discussed in Meerkötter et al. (1999) . A further reason could be changes in natural cloud coverage which influences the overlap between natural clouds and contrails compared with SLT.
Results
Contrail coverage, properties and radiative forcing
Sensitivity to model climatology
Sensitivity to air traffic inventory
The influence of differences in the vertical and horizontal distribution of air traffic on contrail coverage is investigated by employing two different air traffic inventories in otherwise identical simulations: the TRADEOFF inventory and the AERO2K inventory. The visible contrail coverage over Europe and the Northern Atlantic region has been calibrated to 0.75% in both simulations. The total global contrail coverage deviates by 5% and the global mean radiative forcing deviates by 3% between REF and AERO2K (Table 2 ). Regional and seasonal coverages, however, show considerable differences. Fig. 8 shows monthly mean coverages of visible contrails over the USA in comparison with observations (Palikonda et al., 2005) derived from satellite data using automatic contrail detection (Mannstein et al., 1999) . These observations indicate an annual mean coverage over the USA of 0.87% for the year 2001, substantially smaller than previous results (Minnis et al., 2000) for the year 1993 for the same region. As nighttime coverage was not included in the satellite observations, Palikonda et al. (2005) suggest to correct their daytime values, yielding an annual mean corrected coverage of 0.62%. An additional correction factor associated with false detection rates has been identified in Palikonda et al. (2005) , but has not been included within the present study as its size and representativeness is uncertain. The observed seasonal cycle with minimum contrail coverage in summer and a broad maximum between November and May is reproduced very well in REF, and the seasonal amplitude has improved significantly compared with SLT (Fig. 8) . In all months except June and July, the model results are somewhat higher than the corrected observations.
The annual cycle of contrails over the USA using the AERO2K inventory deviates from REF and from observations particularly in summer (Fig. 8) . In the AERO2K inventory air traffic occurs at somewhat higher atmospheric levels which reside in the lowermost stratosphere in winter, but in the upper troposphere in summer, allowing more frequent contrail formation then. This yields a less pronounced minimum in summer than with the TRADEOFF inventory, highlighting the significance of the exact representation of flight altitudes in air traffic inventories and the correct representation of the tropopause height in contrail modelling studies, particularly for regional and seasonal comparisons. Over the Thailand region, contrail coverage is strongly underestimated with both inventories as well as in SLT (Fig. 9) .
Sensitivity to potential contrail parameterisation
In order to demonstrate the importance of the exact formulation of the parameterisation, an upgraded parameterisation of potential contrail coverage (Burkhardt et al., 2008) has been employed alternatively (POTCOV) to the original formulation. The new formulation is derived using the same PDF of the total water mixing ratio as inherent in the natural cloud scheme and is therefore more consistent with the latter. For natural cirrus formation, the homogeneous freezing threshold is assumed instead of water saturation as in the original parameterisation, which overcomes an underestimation of the grid mean critical relative humidity for contrail formation. In total this results in higher potential contrail coverage in regions with high relative humidity and a decrease in regions with low relative humidity. This yields an increase of total global contrail coverage by 16% (Table 2) , which is mainly caused by additional tropical contrail coverage enhanced by a factor of about 2. In comparison with observations in the tropics, e.g. over Thailand (Meyer et al., 2007) , the new parameterisation induces considerable improvements over the original parameterisation, which simulates significantly lower contrail coverage than observed ( Fig. 9) . This improvement has already been shown by Burkhardt and Kärcher (2009) for young contrail cirrus, and is confirmed by the parameterisation for linear contrails used here. However, the revised parameterisation does not automatically lead to better agreement between model and observations everywhere (Fig. 8 ). The differences in the seasonal cycle of contrail coverage over the USA can be attributed to differences in the seasonal characteristics of the potential contrail coverage in REF and POTCOV. The new parameterisation favours contrail formation immediately below the tropopause, which in summer coincides frequently with main flight altitudes, while during winter the tropopause is located at lower levels, below the main flight altitudes, prohibiting contrail formation in many cases. Thus, the contrail coverage is larger in summer in POTCOV. However, seasonal cycles of contrail coverage were in accordance with observations when this parameterisation was employed within E39SLT using the AERO2K inventory . Differences between their simulation and POTCOV arise from the combination of differences in the tropopause height, air traffic inventory and contrail parameterisation, indicating that the validation of seasonal contrail coverage is not conclusive.
As more contrails form at higher humidity conditions, the global mean visible optical depth increases by about 10% compared with REF (Table 2 and Fig. 7 ). Both factors, the increase of contrail coverage and mean optical depths yield an increase of global mean net radiative forcing by 53% (Table 2) .
Sensitivity to optical depth, calibration region and visibility threshold
Several previous publications (e.g., Minnis et al., 1999; Forster et al., 2007) have stated that the large uncertainty range of global contrail radiative forcing estimates can mainly be attributed to insufficient knowledge of contrail optical depths. Studies employing a globally uniform optical depth found an almost linear relationship between radiative forcing and optical depth (e.g., Meerkötter et al., 1999; Rädel and Shine 2008) . To confirm this relation in E39A, the optical depth of all visible contrails was set to a fixed value of 0.08, 0.12, 0.15, and 0.3, respectively. For these experiments, the AERO2K inventory was used, allowing an optimal comparison with Rädel and Shine (2008) . The radiative forcing was calculated for visible contrails only, yielding a net radiative forcing of 6.8 mWm À2 , 9.6 mWm À2 , 11.6 mWm À2 and 21.1 mWm
À2
. Similar to other studies, only a slight deviation from linearity is found. The results from Rädel and Shine (2008) who found a net radiative forcing of 5.9 mWm À2 and 9.8 mWm À2 for s ¼ 0.15 and 0.3 deviate by less than 30% from the present results, if compared with the non-corrected radiative forcing. This is a further indication, that the necessity of the longwave radiative forcing correction (Section 2.1) applies only to very small contrail optical depths, and that the performance of the broadband radiation scheme of ECHAM compares well to more sophisticated line-by-line radiative transfer models for s ¼ 0.15 and higher. Overall, this confirms the mean optical depth as one of the major factors controlling contrail radiative forcing.
In the standard simulations s is variable in space and time and the mean optical depth results from the PDF of s, while the corresponding contrail coverage further depends on the detection threshold assumed for calibration. Kärcher et al. (2009) compared PDFs of s derived from a microphysical model with the corresponding observations over the USA from Palikonda et al. (2005) . They concluded that in this particular case automatic contrail detection misses 89% of contrails with s < 0.05, 50% of contrails with 0.05 < s < 0.1, and 11% of contrails with 0.1 < s < 0.2. This implies that a detection threshold of 0.02, as assumed for the calibration of contrail coverage to observations, may be too low. In a sensitivity experiment (USA 0.05) we assume a detection threshold of 0.05 and calibrate the simulated coverage over the USA to observations from Palikonda et al. (2005) , neglecting that some contrails have also been missed by satellite observations with 0.05 < s < 0.1. The visible global contrail coverage decreases by 33% compared with REF, which can be attributed to the comparatively low coverages determined by Palikonda et al. (2005) . The total global contrail coverage increases by 42%, as the contribution of subvisible contrails to the total coverage increases substantially. The global mean optical depth of visible contrails increases to 0.13, and the global mean net radiative forcing increases by 46% compared with the reference simulation.
In a second sensitivity study (BAK 0.05), a detection threshold of s ¼ 0.05 was assumed but the coverage of visible contrails was calibrated to the usual region over Europe and the North-East Atlantic (Bakan et al., 1994) as in REF. This again yields a strong increase of the fraction of subvisible contrails and an increase of the total global coverage by 137%. The global mean optical depth of visible contrails (s > 0.05) increases to 0.13, and the global mean contrail radiative forcing increases by 146% (Table 2) . It has been argued that optically very thin contrails, which are frequently missed by automatic contrail detection algorithms , have a negligible climate impact anyway (e.g., Meyer et al., 2007) . However, the large amount of optically very thin contrails (Fig. 7) may make up for this. To quantify the contribution of contrails with different optical depths to the total coverage and radiative forcing some extra simulations were performed in which the radiative forcing and coverage is only calculated for contrails within defined optical depth classes (Table 3) . Optically thin contrails have a smaller specific radiative impact, however, contrails with s < 0.05 contribute 79% to the total contrail coverage and 36% to the total radiative forcing. In contrast, contrails with s > 0.1 contribute only 6% to the contrail coverage but 37% to the contrail radiative forcing, indicating their significantly larger specific radiative impact. Obviously, none of the optical depth classes and the corresponding radiative effects is negligible, which again highlights the need for observations along with reliable visibility thresholds, preferably for several regions of the world.
Sensitivity to other parameters
Further parameters which may influence contrail coverage and radiative forcing have been studied using the E39SLT model only. They have partially been published earlier and are only briefly summarized here to put their relative importance in context of other effects discussed within the present study. Fichter et al. (2005) studied the sensitivity with respect to the air traffic density parameter used. They found an increase of contrail coverage by 11% and of radiative forcing by 7% when using fuel consumption instead of flown distance (Table 2 ), calibrating to observations of Bakan et al. (1994) in both cases. This increase is caused by the predominantly smaller planes travelling over continental Europe (the larger part of the calibration region) with comparatively smaller fuel consumption per distance flown, yielding an increase of the calibration factor.
Non-spherical particles like hexagonal plates cause significantly larger reflection of shortwave radiation, yielding smaller net radiative forcing than spherical contrail particles. Marquart (2003) studied the influence of contrail particle shape and found a reduction of the shortwave radiative forcing by more than 30% for spherical particles, whereas the influence on longwave radiative forcing was negligible. In total this resulted in an increase of the net radiative forcing by 14% (Table 2 ). Other studies, using more sophisticated radiative transfer models with higher spectral resolution found a larger sensitivity with respect to particle shape. Meerkötter et al. (1999) reported an increase of net radiative forcing by 30% for mid latitudes summer conditions. Rap et al. (2010) found an increase of the global mean net radiative forcing by almost 70%. In situ observations indicate, that most particles in young contrails are non-spherical, with a predominant shape of hexagonal plates and columns (e.g., Goodman et al., 1998) , but also spherical particles have been observed (Schröder et al., 2000) .
The diurnal variation of air traffic is very important in regional contrail studies (Stuber et al., 2006) , but also in global contrail studies a reduction of contrail radiative forcing by almost 20% was found for an inclusion of the diurnal air traffic variation (e.g., Stuber and Forster, 2007) . When taking the daily-cycle of air traffic into account Marquart (2003) found an increase of the global mean shortwave radiative forcing by 14%, but only little influence on the global mean longwave radiative forcing. The net radiative forcing was reduced by 6% compared to the reference case (Table 2) , however, regional and seasonal effects are significantly larger. The effect of the daily traffic variation is much more pronounced in winter, reducing the net radiative forcing by 12% in January but by only 4% in July. Furthermore, in regions with significantly higher daytime than nighttime traffic (e.g. Europe, USA) the shortwave radiative forcing component is enhanced, yielding a lower net radiative forcing when including the daily cycle of air traffic. The opposite is true along flight corridors with high nighttime traffic. Because of these seasonal and regional effects it is recommended to include the diurnal variation of air traffic in future studies, particularly when focusing on temporally or spatially resolved data.
Discussion and conclusion
The model simulations and sensitivity experiments presented within this study aimed at quantifying the influence of selected key parameters on contrail coverage and contrail optical depth in global climate studies. Their relative importance was assessed in terms of their impact on global contrail radiative forcing.
The largest increase of global contrail radiative forcing over the reference case was found for shifting the detection threshold for calibration from 0.02 to 0.05 (þ146%), which strongly enhances the coverage with sub-visible contrails and thereby the total coverage. However, if the same contrail detection threshold is used for calibration to observations over the USA, the radiative forcing increases by only þ46%. Both observational data sets are based on different methods and have been developed independently, however, the detection threshold is not exactly known in either case. Because of the large influence of the detection threshold and the calibration area, the sensitivity to these features should receive more attention in future studies.
An approximately linear relationship between contrail optical depths and radiative forcing was found. Assuming a globally constant s ¼ 0.3 increases the radiative forcing by þ140% (þ270% including the longwave correction) in comparison with the reference experiment with a mean visible optical depth of 0.08. The true value of the global mean optical depth is difficult to obtain from observations. It may be approximated by combining observed and simulated probability distributions for regions where detailed observations are available. In view of the study of Kärcher et al. (2010) , who determined the mean optical depth of all contrails over the USA by such an approach to be 0.125, it cannot be excluded that the radiative forcing as simulated with ECHAM may be significantly underestimated, assuming that the optical depth bias as determined for the USA is globally representative.
A strong influence on contrail radiative forcing was found when using an upgraded parameterisation of potential contrail coverage, yielding a strong increase of tropical contrails, in better agreement with observations. This enhances the global contrail radiative forcing by more than 50% with respect to the reference case.
The findings of the present study explain to a large degree the differences and uncertainties in recent contrail radiative forcing estimates. They demonstrate the importance of more reliable contrail observations most preferably for different regions, including detection efficiencies with respect to optical depths and their statistical distribution. Without this information the observations are of limited value for comparison with modelling studies. While modelling of contrails by means of a process-based contrail parameterisation (e.g., Burkhardt and Kärcher, 2009 ) without the need of calibration is most preferable, the need of well-documented observational data for the validation of such models still remains.
Modelling the full range of contrail optical depths including subvisible contrails is preferable over considering only visible ones, since the present study demonstrates that the radiative forcing of subvisible contrails should certainly not be neglected, as their contribution to the total contrail radiative forcing may exceed 30%.
All other factors which were investigated (model climate, air traffic inventory, air traffic density parameter, ice particle shape and diurnal variation of air traffic) are non-negligible, but within the present study only a moderate impact on global mean contrail radiative forcing was found, resulting in relative changes of global mean net radiative forcing between À12% (model climate) and þ14% (spherical particles) compared to the reference case. However, their impact on regional and seasonal contrail radiative forcing can be more distinct. While the most important key factors for global contrail radiative forcing have been identified, providing a best estimate is beyond the scope of this study. Within our model framework an improved estimate of radiative forcing could be derived by employing the upgraded potential contrail coverage parameterisation, the model with superior climatology, an appropriate detection threshold for the calibration to observed contrail coverage, and including the diurnal cycle of air traffic. Such an estimate should be accompanied by an uncertainty range corresponding to those parameters which are not exactly known at present (e.g., the particle shape, air traffic inventory, and air traffic density parameter). In order to derive a best estimate in the sense of IPCC, results of different climate models and radiative transfer codes need to be combined, as the sensitivity of contrail radiative forcing between different models can be larger than the sensitivity to different parameters and setups within one model. Similarly an uncertainty range as inferred from one model would still represent only a part of the uncertainty range resulting from a variety of models.
